Abstract: Liver surgery is often associated with increased likelihood of massive bleeding. The blood loss is one of major intraoperative issue the surgical team must deal with. Bleeding is usually present in cirrhotic patients but can be faced even in the patients with normal liver function undergoing liver surgery. Correction of preoperative abnormal coagulation's tests, strong interaction between the surgeon and the anesthesiologist, and finally the anesthesia technique, may successfully reduce the bleeding intensity and blood transfusions requirements. This review will be focused only in the anesthesiologist's role in minimizing the blood loss during major liver surgery.
INTRODUCTION
Massive bleeding can be often faced during liver surgery. This bleeding increases the likelihood of increased intraoperative transfusion of blood components and large amounts of fluids. Overfilling the vascular bed with fluids, and increased blood transfusion rate may be associated with worst outcome and increased mortality rate [1] [2] [3] [4] . Liver is a principal organ that can guarantee normal coagulation process. Decreased liver function, liver failure, major liver tissue trauma, and primary liver tumor may be associated with abnormal coagulation.
CAREFUL MONITORING AND SPECIAL DEVICES
A standard monitoring according ASA guidelines is mandatory. Besides standard monitoring central venous line and arterial blood pressure monitoring are routinely recommended for monitoring the patients during liver surgery. Arterial blood pressure monitoring measures blood pressure beat to beat. Arterial blood gases can frequently be obtained as well. Two largebore intravenous cannulas are usually inserted. Pulmonary artery catheterization can be considered only for patients suffering from preoperative leftventricular dysfunction. Pulmonary artery catheterization allows continuous measurement of cardiac output and evaluation of systemic vascular resistance. Central venous pressure (CVP) monitoring can serve as guide for fluid management and *Address correspondence to this author at the Department of Anesthesiology and Intensive Care, "Mother Teresa" University Hospital Center, Tirana, Albania; Mob: 00355682067003; E-mail: rdomi73@yahoo.it hemodynamic manipulation. In the patients with cardiac dysfunction is not so reliable, but can be assembled with the other methods judging for circulating volume. A hyperdynamic state with increased cardiac index, decreased systemic vascular resistance, and augmented splanchnic blood flow may persist preoperatively [5] . This increased blood supply to the residual liver parenchyma ensures rapid growth. Signs and symptoms of the heart failure can easily be overlooked as they mimic those of cirrhosis and liver failure. Transthoracic echocardiography is a useful modality in such patients which can measure right ventricular systolic pressure and also shows the cardiac changes. Rapid infusion and cell saver devices are generally useful. Thromboelastography [6] and Thromboelastometry are useful to monitor all the coagulation's disorders, which are commonly faced during liver surgery. Thromboelastometry (TEM, previously named rotational thrombelasto-metry/-graphy) presents the viscoelastic method for blood coagulation testing [7] TEM tests all the interactions of coagulation factors, anticoagulant drugs, blood cells, platelets, and fibrinolysis. TEM is performed with the ROTEM whole blood analyzer (Tem Innovations GmbH, Munich). They allow testing in the presence of therapeutic heparin concentrations and provide differential diagnostic information to support decisions in therapy. Application of TEM at the point of care (POC) or in emergency laboratories became gold standard. TEM gives informations about both hypoand hyperfunctional stages of coagulation and hyperfibrinolysis. Point-of-care (POC) coagulation monitoring devices assessing the viscoelastic properties of whole blood i.e. thrombelastography, rotation thrombelastometry, and Sonoclot analysis, may overcome several limitations of routine coagulation tests in the perioperative setting [8] . Close coagulation monitoring during liver surgery can decrease the amount of bleeding and blood transfusion [9] .
A curate monitoring helps the anesthesiologist maintain good hemodynamic profile and fluid balance. Avoiding overfilling can minimize bleeding and blood transfusions [10] . The use of cell saver machine seems to be effective for minimizing bleeding and blood transfusions [11] . Antifibrinolytics has been recently extensively studied [12] [13] [14] . Hyperfibrinolysis may be Faced during liver surgery and orthotopic liver transplantation (OLT), increasing intraoperative blood loss. Epsilon aminocaproic acid (EACA), tranexamic acid (TA)] and aprotinin are used in order to minimize bleeding. Antifibrinolytics reduce bleeding and blood transfusions requirement but can predispose the patient to the thromboembolism risk.
HEMODYNAMIC CONTROL
Intraoperative bleeding may aggravate the situation, and may be associated with increased mortality. Portal hypertension and hyperdynamic circulation state are responsible for increased risk of bleeding. Hepatic venous pressure plays an important role in blood loss during liver surgery because of backflow from the hepatic veins. So controlling CVP is a crucial method in order to reduce intraoperative bleeding [15, 16] . Several authors recommended a CVP under 5 cm H2O [17] . Schroeder [18] strongly recommended low CVP (less than 5 cmH2O) in order to reduce blood loss and blood component transfusion. There is increased evidence supporting the idea that no rational use of blood component transfusion can negatively impact the patient prognosis [4] . The circulating volume reduction through phlebotomy also helps minimizing intraoperative bleeding. Massicotte et al. supported that plasma avoidance, fluid restriction and low CVP, phlebotomy, minimizing blood transfusions, may improve survival after liver transplantation [19, 20] .
The situations that decrease CVP are fluid restriction, vasodilatation (general anesthetics, epidural anesthesia, drug-induced vasodilatation), and diuretics. Excessive decreased CVP can induce hemodynamic instability and increased risk for air embolism [21] . Low CVP is usually treated with fluid boluses, vasoconstrictors (phenilephrine, norepinephrine), and/or inotropes as dopamine, dobutamine, epinephrine.
High CVP is usually due to liberal fluid administration, light anesthesia, positive end expiratory pressure during intraoperative mechanical ventilation. High CVP can be treated fluid restriction, diuretics, and vasodilatators (nitrate, nicardipine). Fluid contraction is an effective strategy to reduce CVP. It has recently found that conservative preoperative fluid helps reducing CVP and therefore bleeding. As a conclusion CVP less than 5 cm H2O is generally recommended [22] . This can be realized through fluid restriction, no aggressive unnecessary correction of coagulation's disorders (fresh frozen plasma, platelets), and avoiding all the above mentioned situations that can increased CVP. 
EPIDURAL ANESTHESIA
Epidural anesthesia in combination with general anesthesia seems to be a suitable combination in major abdominal surgery. Several benefits are reported [23] . It is recently reported the benefits of using epidural analgesia for treating acute postoperative pain. Epidural anesthesia is also associated with reduced cardiac and pulmonary postoperative complications, decreased deep venous thrombosis rate, early mobilization, and finally early discharge from hospital. A big issue is epidural catheter insertion in the patient with abnormal coagulation. Regional anesthesia is recommended as a safe anesthesia technique in liver resection surgery [24] . Kortgen et al. [25] reported that thoracic epidural anesthesia improves liver blood flow. The safety of regional anesthesia in liver resections depends on appropriate timing of needle placement and catheter removal and on the performer's skills. Thoracic epidural anesthesia can also preserve liver function [26] . Epidural anesthesia decreases both venous return and portal vein pressure, thus contributing to reduced hepatic congestion and surgical blood loss. Several authors [27, 28] had recently suggested combining intraoperative epidural anesthesia with general anesthesia as a useful strategy to keep the CVP low during liver resection without vasodilators or diuretics.
CONCLUSIONS
Major liver surgery remains a big challenge to the anesthesiologist. Intraoperative bleeding and liver function protection are important issues the anesthesiologist must deal with, during liver surgery. Increased bleeding can be detrimental and several anesthetic techniques are available. Avoiding aggressive correction of preoperative coagulation's disorders, fluid restriction regimen, maintaining low CVP, and rationale using of epidural anesthesia, can guarantee less bleeding and improved patient's outcome.
Finally a multidisciplinary team (gastrohepatologist, surgeon, and the anesthesiologist) is mandatory to successfully treat these patients.
